Background: Survivors of Hodgkin's lymphoma (HL) treated as adults are at risk for late effects of therapy. However, the burden of late morbidity and mortality among adults treated for HL remains incompletely characterized.
The outcome for adults with Hodgkin's lymphoma (HL) has dramatically improved because of progressive improvements in chemotherapy, radiation, and combined modality therapy (CMT). Cure rates are now 85% to 90% for early stage disease (1, 2) and 65% to 85% for advanced stage disease (3, 4) . As more cured patients survive longer, the impact of late complications of treatment is increasingly clear. Among children, by fifteen years post-treatment, the risks of death from causes other than HL surpass those from HL itself. (5) The most common causes of mortality in survivors of HL include second primary malignancy (SPM) and cardiovascular, pulmonary, and infectious diseases (6) (7) (8) .
However, mortality alone does not describe the burden of illness experienced by survivors. A more comprehensive article understanding of the impact of treatment for HL on long-term health requires a broad assessment of late morbidity. While late mortality from SPM (9) (10) (11) (12) and cardiovascular disease (13) (14) (15) has been well described, late morbidity in adult HL survivors is less well characterized. Studies have often evaluated individual late effects, such as thyroid dysfunction (16) , infertility (17, 18) , or fatigue (19) (20) (21) (22) . The Childhood Cancer Survivor Study (CCSS) describes the breadth and depth of late morbidity experienced by survivors of childhood cancers (23) (24) (25) , and others have evaluated survivors of pediatric HL (26) (27) (28) (29) (30) . Because children and adults differ in both biology and therapeutic exposures, and given marked differences in comorbid conditions, environmental exposures, and health behaviors, extrapolating this understanding to adults may not be appropriate. Given limitations in understanding of late treatment effects among survivors of adult HL, we assessed the late morbidity and mortality of adults treated at our institution over a 25-year period.
Methods

Sample
To characterize morbidity and mortality in adult HL patients, we identified all patients from six consecutive clinical trials of first-line therapy for HL at Memorial Sloan-Kettering Cancer Center (MSKCC) between 1975 and 2000. All six studies (Table 1) were single-center phase II trials of CMT for HL except for one arm of one study, which was chemotherapy alone. Details of these studies have been published previously (31) (32) (33) (34) (35) . Complete treatment records were available, including chemotherapy doses and radiation therapy fields and dosages. Informed consent was obtained from respondents prior to completion of the study survey. The institutional review board of MSKCC approved this nontherapeutic protocol, and it was registered with clinicaltrials.gov (http://clinicaltrials.gov/ct2/ show/NCT00598728).
Outcomess
Mortality
We determined vital status through hospital records and the National Death Index (NDI); for deceased patients, NDI and death certificate data determined cause of death. Patients not identified by hospital records or NDI as deceased were presumed alive. Cause-specific mortality was categorized as HL, SPM, cardiovascular, other, and unknown.
Morbidity
Survivors were invited to participate in a cross-sectional survey study. First contact was by mail, and subsequently for nonresponders by mail, telephone, and e-mail. Participants completed an 18-page questionnaire detailing demographic characteristics, physical health, and mental health. Physical domains, adapted from the CCSS annual cohort study, assessed included cardiovascular, pulmonary, gastrointestinal, urinary, endocrine, musculoskeletal, neurologic, dental, ophthalmologic, and dermatologic health (24) . Mental health was evaluated with Functional Assessment of Chronical Illiness Therapy-fatigue, Fears of Recurrence Questionnaire (FRQ), Hospital Anxiety and Depression Scale (HADS), and relevant questions within the SF-12 (36) (37) (38) (39) . Current medications and supplements were ascertained. Self-reported occurrences of SPM were confirmed through chart review. To characterize factors associated with morbidity, comparisons were performed by sex, age at treatment (≤25, 26 to 35, and ≥35 years), radiotherapy dose (none, <35 Gy, ≥35 Gy), and time from treatment (<14, 15 to 23, and ≥23 years); determination of cutpoints for comparisons were informed by the distribution of patients' clinical characteristics. Severity of reported conditions was scored according to a modification of the Common Terminology Criteria for Adverse Events (23) . This system grades self-reported health conditions as grade 1 (mild), grade 2 (moderate), grade 3 (severe), or grade 4 (life-threatening or disabling). Severity scores were reviewed by three coauthors (MM, KO, DS), and discrepant scoring was resolved by consensus.
Statistical Analyses
All statistical tests were two-sided and a P value of less than .05 was considered statistically significant. 
Survival Analysis
Overall survival (OS) of the entire cohort was calculated using the Kaplan-Meier method. Cumulative incidence curves estimating cause-specific mortality were also calculated (40) . Risk ratios were calculated to compare mortality from SPM in the cohort to cancer mortality in the general population, retrieved from the Surveillance, Epidemiology, and End Results (SEER) Program (www.seer.cancer.gov) (41) . Risk of death from SPM was estimated by compiling person-years of follow-up (PY) by age (in five-year intervals), sex, and calendar year from protocol registration date until death from SPM or last follow-up. The expected number of deaths from cancer was estimated by multiplying the SEER cancer mortality rates specific for each age group, sex, and calendar year by the accumulated PY at risk. Observed and expected numbers of deaths were summed, and relative risks expressed as the ratio of observed-to-expected (O/E) cases. Statistical tests and confidence intervals were based on the assumption that observed deaths from SPM were distributed as a Poisson variable. Risk ratios comparing all-cause mortality in the cohort to mortality in the general population were calculated similarly, using data from the National Center for Heath Statistics (NCHS, www.cdc. gov/nchs).
Morbidity Analysis
Associations between patient characteristics or therapeutic exposures and late morbidity were examined using Fisher's exact test or the Mantel-Haenszel test for trend. Associations with psychiatric morbidity were examined using the Wilcoxon Rank Sum Test or Kruskal-Wallis test.
Risk ratios were calculated to compare the incidence of SPM among survey respondents to the incidence of first cancer in the general population, derived from the SEER Program. PYs were aggregated by age, sex, and calendar year from protocol registration date until date of diagnosis of second cancer, death, or last follow-up. The expected number of cancers was estimated using SEER cancer incidence rates, and the risk ratios for cancer incidence were calculated as described above. Date of diagnosis of SPM was not universally available among respondents, so risk ratios were calculated assuming three different time points for date of SPM: five years post-treatment, midway between treatment and survey response, and one year before response. Risk ratios did not appreciably vary under these three scenarios. Using one year before response as the date of SPM yielded the most conservative risk ratio estimates; these results are presented.
Results
Patient Characteristics
From 1975 to 2000, 746 patients were treated on one of six sequential first-line protocols at our center. At time of protocol initiation, of these 746 patients, 226 (30.3%) had died and 520 were alive (Figure 1 ). Of the 520 survivors, 213 (41.0%) were lost to follow-up. Of the remaining 306, 238 (45.8% of survivors) consented to participation and completed the baseline questionnaire, with 20 active and 53 passive nonparticipants. Demographic characteristics of respondents are shown in Table 1 , and treatment programs are detailed in Table 2 . Comparison of demographic characteristics of respondents to nonrespondents (both those lost to follow-up and active or passive nonrespondents) demonstrated an imbalance of patients treated on the more recent protocols (41.2% of respondents vs 27.3% of nonrespondents, P = .004) and to have been slightly older at treatment (median age 29 years old vs 27 years old, P = .006), but did not differ by gender, race, ethnicity, treatment with doxorubicin, or dose of radiotherapy.
Mortality
The median OS of the entire cohort was 32 years ( article accrual to protocol and is included in mortality assessment.
Of the 227 deaths, 107 (47.1%) were from HL, and 120 (52.9%) from causes other than HL, 52 from SPM, 27 cardiovascular disease, 21 other illnesses, and 20 unknown. The cumulative incidence of death from HL rose quickly during the first five years and then plateaued after 10 years (10-year estimate: 12.8%, 95% confidence interval [CI] = 10.6% to 15.4%), while the cumulative incidence of death from causes other than HL rose steadily to 4.9% (95% CI = 3.6% to 6.7%) by 10 years and to 12.0% (95% CI = 9.7% to 14.8%) by 20 years ( Figure 2B ). The cumulative incidence of death from causes other than HL surpassed that from HL at 22 years post-treatment. Death from SPM and cardiovascular disease increased continually over time, following an initial latency of five years for SPM and 12 years for cardiovascular disease ( Figure 2C ). We compared the mortality rates in our cohort, both SPM cause-specific mortality and all-cause mortality (Table 3) , to population-based normative comparators. Compared to SEER incidence-based mortality data, cause-specific mortality risk in our cohort was elevated across follow-up time periods. For patients with 14 or fewer years of follow-up post-treatment, the risk ratio (RR) for SPM cause-specific survival was 3.34 (95% CI = 2.29 to 4.72); for 14 to 23 years of follow-up, the risk ratio was 1.89 (95% CI = 0.98 to 3.31); and for 23 ore more years of follow-up, the risk ratio was 3.54 (95% CI = 1.53 to 6.98). Using NCHS data, we again observed a persistent elevation in all-cause mortality risk across followup strata. Patients 14 or fewer years after treatment had a risk ratio of 5.48 (95% CI = 4.68 to 6.37); for those with 14 to 23 years of follow-up, the risk ratio was 2.54 (95% CI = 1.86 to 3.39); and for those with 23 or more years of follow-up, the risk ratio was 2.05 (1.09 to 3.50). We analyzed data by era of therapy to characterize differences in risks of overall and cause-specific death (data not shown); sensitivity analyses showed no discernible differences with regards to overall or cause-specific mortality.However, conclusions regarding differential late mortality by regimen are limited by statistically significantly shorter median follow-up from more recent trials and by the paucity of deaths among patients from these trials.
Morbidity
Two hundred and thirty-eight patients completed the survey characterizing late morbidity ( Table 5 ).
Determinants of Medical Morbidity
Sex, age at treatment, treatment exposures, and time from treatment were associated with specific morbidities (Tables 6 and 7 ). Endocrine and dermatologic morbidities were more frequently reported by women (77.2% vs 59.1%, 35.8% vs 8.7%; both P ≤ .003). Age at treatment was associated with visual, musculoskeletal, and endocrine morbidity: advanced age with increased frequency of visual and musculoskeletal morbidity, younger age with increased frequency of endocrine morbidity (including infertility and thyroid disease), all P values were less than or equal to .05. Although few respondents received chemotherapy alone (37/238, 15.5%), these patients reported a lower frequency of endocrine dysfunction (P = .008), but no differences in late cardiovascular or neoplastic events in comparison to survivors of CMT were identified. Increased time from treatment was associated with cardiovascular disease, SPM, musculoskeletal disease, endocrine dysfunction, infectious diseases, and impaired oral health (all P Dead from Hodgkin's lymphoma Dead from second primary malignancy Dead from cardiovascular disease Dead from other cause Dead from unknown cause Survivors reported an excess risk of (nonfatal) SPM, with an observed/expected (O/E) risk ratio of 3.41 (95% CI = 2.57 to 4.44).
Radiation dose was not clearly associated with risk of SPM ( 
Psychosocial Function
Of respondents, 80.7% were married or had a life partner at time of survey and 7.6% were divorced; 61.9% had completed collegiate or graduate education, 22.0% had completed some college or vocational training, and 14.8% had graduated high school. Regarding lifestyle behaviors, 40.7% reported having smoked at least 100 cigarettes during their lifetime, and 16.3% were current smokers. Problem drinking or illicit drug use following treatment for HL was reported by 5.6% (data not shown). Anxiety and depression were frequently reported by respondents. High levels of anxiety, as indicated by a HADS subscale score of 11 or higher, were reported by 14.0%, and an additional 11.4% had a borderline score of 8 to 10. Further, 5.9% had a subscale score of 11 or higher for depression, and an additional 5.5% had a borderline score of 8 to 10. Borderline and major anxiety were both more common in women (P = .002) and in patients who were younger at times of treatment and survey (each, P = .01). No differences in depression were noted by age, gender, time from treatment, or treatment exposure. Subjective depression, anxiety, other psychiatric illness, or multiple psychiatric morbidities requiring psychotherapy or medical therapy were reported by 22.3% of respondents. Higher radiation therapy doses were associated with increased rates of self-reported psychiatric morbidity (no radiation, 10.8%; radiation dose ≤35 Gy, 16.9%; radiation dose >35 Gy, 28.1%, P = .01), as was younger age at treatment (P = .03). Fear of recurrence or second malignancy was common in this remotely treated cohort, with mean scores by the FRQ in women of 70 (SD = 17) and men of 66 (SD = 17); associated factors included younger age at time of survey (P = .03) and higher doses of radiation (P = .009).
Discussion
Because of improved outcomes in the treatment of adult HL, there now exists a large, and growing, population of survivors, but delivery of optimal care is hindered by a paucity of data. Investigators have identified increased risks of SPM (10) (11) (12) 42) , including breast cancer among younger women receiving article radiation to breast tissue (42) (43) (44) , lung cancer among smokers receiving thoracic radiotherapy (45) , and thyroid cancer among patients with exposure of the thyroid to radiotherapy (46, 47) . Cardiovascular mortality is increased among survivors of HL, particularly because of atherosclerosis among patients receiving mediastinal radiation, although risks of congestive heart failure, valvular heart disease, and stroke are increased among HL survivors having received mediastinal radiotherapy and anthracycline-based chemotherapy (13, 14, 48) . Despite excellent cure rates for our patients, mortality from causes other than HL article and late medical morbidity were common. Risk of death from causes other than HL surpassed that from HL itself by 22 years after diagnosis; among causes of death other than HL, SPM and cardiovascular disease (myocardial infarction, congestive heart failure, and cerebrovascular accident) predominated. Relative risks of SPM in our cohort were markedly increased, with 7.0% of treated patients having died from SPM, and at least another 23.1% having survived a second malignancy. Of note, lower radiation dose was not associated with decreased risk of SPM, although more modern techniques of limiting normal tissue exposure such as intensity modulation or image-guided radiotherapy-techniques capable of reducing oncogenic radiation exposure to normal tissues-were not used. Our results affirm prior investigators' identification of SPM as a critical cause of late mortality in patients treated with combined modality. In the long-term results of the German Hodgkin Study Group HD10 study, 5% of patients treated with two or four cycles of ABVD and radiation had experienced an SPM at a brief median follow-up (7.5 years); indeed, by that time point, deaths from cardiovascular disease or SPM had already exceeded that from HL (49) . Recently, Meyer and colleagues reported mature findings from the HD.6 trial, comparing four to six cycles of ABVD to subtotal nodal radiotherapy alone or with two cycles of ABVD (1). The primary endpoint of the study was 12-year OS, and at median follow-up of 11 years survival was inferior for the radiotherapy arms, with a hazard ratio of death of two from increased nonrelapse mortality, largely SPM and cardiovascular disease. While radiation therapy techniques are now dramatically different, article whether modifications of field and dose will fully abrogate late effects remains uncertain. Modeling studies predict a reduced risk of SPM with more modern doses and fields (50, 51) . Fewer data exist projecting changes to cardiac risk, although among pediatric survivors more modern treatment appears associated with reduced cardiac risks (52) . However, others found that among patients receiving 15 to 25.5 Gy of involved field radiation (and optional 10 Gy boosts to bulky sites) the cumulative incidence of SPM was 17% at 20 years, with an SIR of 23 (53) . These modest doses and fields are similar to those used in our lower-dose radiation protocols, 75 to 104 and 79 to 107 (Table 1) , casting doubt upon whether reductions in field and dose necessarily abrogate risks of SPM. It is possible that modern treatment plans may still leave us above an oncogenic threshold, resulting in delayed onset of second malignancy rather than truly mitigated lifetime risk. Beyond late mortality, these results demonstrate the striking prevalence of medical and psychiatric illnesses among survivors of HL treated as adults. The prevalence of major morbidity among our respondents, all treated during adulthood, is similar to-and in some cases greater than-that reported among survivors of childhood HL. Among 1927 survivors of childhood HL participating in the CCSS, 70% of respondents reported at least one morbidity; 28% reported three or more; and 27% reported at least one of grade 3 or 4 severity (25) . While the median age of our respondents was 49 years, compared with 38 years among CCSS respondents, perhaps partially explaining these differences, our results highlight the fact that survivors of adult HL, even more than survivors of childhood HL, suffer from a wide range of often severe illnesses. The relationships between patient characteristics and late effects highlight both the challenge and the opportunity of such work. Whereas the relationships between age and late effects (eg, musculoskeletal and vision complaints) are most likely because of normal aging, the observation that those treated with lower doses of radiotherapy were no less likely to report late cardiovascular morbidity, nor to have been diagnosed with a second primary malignancy, is provocative.
Psychiatric morbidity was common among respondents, although survivors fared well in many respects. Self-reported divorce prevalence (7.6%) compares favorably to the 40% to 50% national norm, although typically lower in better-educated and higher socioeconomic strata (54) . A 16.3% current-smoker percentage is slightly lower than the 19.3% national average, and that these smokers are potentially at increased risk of lung cancer given past exposure to chest radiation suggests a need for focused tobacco cessation interventions. Anxiety and depression were commonly reported: 14.0% had HADS scores consistent with major anxiety, and 11.4% more with borderline anxiety, while 5.9% scored consistent with major depression and an additional 5.5% with borderline depression. Among survivors of childhood cancer from the CCSS, rates of depression were similar, with 12.4% reporting depression (mild, moderate, or severe), but anxiety may be less common in survivors of childhood cancer, with only 8.6% of childhood cancer survivors scoring as having extreme anxiety by the Brief Symptom Inventory (BSI) assessment (55) .
The interpretation of our findings must take into account the investigation's multiple limitations. Generalizability of these findings is potentially limited by selection bias in two ways. First, eligibility for assessment was limited to patients treated at a tertiary cancer center on clinical trial; the patient population-well educated, relatively affluent, almost exclusively white, and willing to participate in clinical research-is not representative of the US population, nor of the narrower population of long-term survivors of Hodgkin's lymphoma. Here, selection bias may lead to underestimation of the true prevalence of late morbidity among survivors. Selection bias may further be introduced by the participation rate of 46%, limiting the generalizability of these findings to the broader population of long-term survivors of Hodgkin's lymphoma. Although nonrespondents did not differ from respondents by gender, race, ethnicity, or treatment with doxorubicin or radiation, whether they suffer from comparable rates of late morbidity is unknown. The treatments used in the constituent clinical trials are varied, with some regimens no longer clinically relevant for newly diagnosed patients. While the ability to extrapolate our aggregate results to patients treated with modern or emerging therapies is limited, these data can inform the management of HL survivors who received and were cured by these historical regimens. Chart abstraction was incapable of providing complete data regarding baseline morbidities of treated patients, and thus we cannot describe relationships between preexisting morbidities and the subsequent risk of late effects. Further, contextualization of our findings is challenged by a lack of normative comparators. Certain morbidities-eg, osteoarthritis or hypertension-are clearly related to aging, and our findings are incapable of assigning causation for reported conditions. Conclusions regarding cause of death are constrained by the quality of data of the National Death Index and of death certificates; while the NDI remains the gold standard for cause of death analyses for cohorts (56, 57) and the inclusion of death certificate data potentially improves the assignation of cause of death (58) , accuracy remains imperfect. Nonetheless, the broader picture is one that depicts a population with numerous and severe morbidities, and at a frequency that experience suggests is far beyond the norm, with mortality rates driven by late effects as much as by the original diagnosis of Hodgkin's lymphoma. The breadth and depth of medical, psychiatric, and psychosocial morbidity in adult survivors, shown here in a global sense, as well as the risk of death from late effects, support the need for multidisciplinary care for HL survivors. The imperative, building upon this experience, is to enhance our understanding of host and exposure factors that contribute to risk, which can inform prevention, screening, and therapeutic efforts. But retaining an understanding of the multitude of morbidities that often coexist and complicate the care for survivors will be essential as we apply this evolving understanding to the care of each survivor as an individual. 
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